O r i g i n a l A r tic le
due to cultural and language differences across regions, it is likely that different MoCA cutoff points would be required to aid the diagnosis of cognitive impairment in specific countries.
For instance, Lee et al in 2008 demonstrated that a cutoff of 22/23 provided the highest sensitivity when diagnosing cognitive impairment in Korea, (7) while Wen et al suggested that a cutoff of 26/27 was appropriate for a Chinese population. (8) The original study reported a cutoff point of 25/26 in a Canadian population. (6) In the present study, we aimed to determine the sensitivity and specificity of MoCA for the detection of MCI-A and mild AD in a multiracial population in Singapore. We hypothesised that a MoCA cutoff point of 26, similar to the original study by Nasreddine et al, (6) would be applicable for diagnosing MCI-A in Singapore, while a MoCA score of 24-25 would be applicable for the diagnosis of mild AD.
M E TH O DS
Data on MCI-A and mild AD were obtained from a prospectively collected clinical database, which comprised patients with cognitive impairment managed at the National Neuroscience Institute, Singapore, between January 2008 and January 2011.
Hospital-based controls with no cognitive impairment (NCI)
were recruited from among the spouses and friends of patients attending the memory clinic. Patients with significant symptoms of depression, scoring > 5 on the modified Geriatric Depression Scale (GDS), were excluded from the study. The cognitive tests were performed on both the controls and patients by trained raters. The MMSE and MoCA (version 7.1) cognitive screening tests were used. (6, 9) The 15-point GDS was used to exclude patients with significant depressive symptoms. and 20.80 ± 4.06, respectively. As shown in Table I , the mean MMSE and MoCA scores for the mild AD group were lower than the scores of patients with MCI-A, which were in turn lower than those of NCI participants.
As linear regression analysis revealed that age (p < 0.001) and education (p < 0.001) were independent factors influencing MoCA scores (Table II) , ROC curve analyses were conducted to compare the NCI group against the MCI-A group, and the MCI-A group against the mild AD group, so as to determine optimal cutoff points for the two variables. The most appropriate cutoff point for education was found to be ten years, but there was no clear inflection point for age.
Therefore, a decision was made to only apply cutoff points for give a sensitivity of 90.48% and a specificity of 70.00% for the differentiation of mild AD (Table III) .
D I SCU S S IO N
Our findings suggest that a MoCA cutoff score of 26/27
differentiates between NCI and MCI-A, while a cutoff score of 24/25 differentiates between MCI-A and mild AD in the Singapore population, with a correction of +1 point when the patient has ≤ 10 years of education. Cutoff scores were chosen based on their balance of sensitivity and specificity. Based on the above criteria, a MoCA cutoff score of < 24 should have been chosen for detecting mild AD in patients with more than 10 years of education, as it had a sensitivity of 95.24% and specificity of 70%. However, we opted to use a cutoff point of < 25, which also had a high sensitivity (90.48%), so that the general rule of adding 1 point to the total MoCA score for patients with more than 10 years of education could be applied to both groups. This was to facilitate administration and diagnoses in clinical settings.
Previous studies validating MoCA have only established single cutoff points -the original cutoff was 25/26 for the detection of cognitive impairment, (6) 25/26 for the detection of MCI using the Japanese version of MoCA, (13) and 23/24
for the detection of cognitive impairment in a communitybased cohort in southeastern United States. (14) Our study established education-adjusted MoCA cutoff points for the detection of MCI-A and mild AD as this could assist clinicians in dissociating the two conditions, which tend to have a similar clinical presentation. Although the cutoff point used for years of education in the original study on MoCA was 12 years, (6) we found that a 1-point correction was needed in patients with less than 10 years of education in our study. This change in cutoff score from the original study was effected due to the education system in Singapore, where the average population spends 10 years in school to obtain a basic education. The cutoff scores used in our study differ from the scores determined in the original MoCA study, as well as from other similar studies elsewhere, highlighting the importance of conducting population-specific validations of MoCA in order to maintain its effectiveness as a screening tool.
There were strengths and limitations to this study. Among its strengths are the relatively large sample size of patients, the use of trained raters, and the novelty of establishing two separate cutoff scores for MCI-A and mild AD, as opposed to a single cutoff score for both conditions. However, the study's retrospective design was a limitation. Additionally, as patients were recruited from a tertiary hospital, generalisation of our results to the larger community will need to be performed with caution.
In conclusion, we recommend that MoCA cutoff scores of 26/27 and 24/25 be used to detect MCI-A and mild AD, respectively, in the Singapore population. An added 1-point correction will be needed for patients with 10 years of education or less.
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